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YEAST TNVERTASE GENE AS REPORTER SYSTEM FOR ISOLATING CYTOKINES 

5 The present invention relates to a novel method of cloning cDNAs which 

encode cytokines, to novel cDNAs isolated by the method, and to novel secreted 
proteins encoded by the cDNAs. 

R ACKGy^TTMn ™? THF. I NVENT ION 

10 

Cytokines are secreted proteins which act on specific hematopoietic target 
cells to cause a differentiation event or on other target cells to induce a particular 
physiological response, such as secretion of proteins characteristic of inflammation. 
Cytokines, also variously known as lymphokines, hematopoietins, interleukins, 

15 colony stimulating factors, and the like, can be important therapeutic agents, 
especially for diseases or conditions in which a specific cell population is depleted. 
For example, erythropoietin, G-CSF, and GM-CSF, have all become important for 
treatment of anemia and leukopenia, respectively. Other cytokines such as 
interleukin-3, interleukin-6 and interleukin-1 1 show promise in treatment of 

20 conditions such as thrombocytopenia. 

For these reasons a significant research effort has been expended in 
searching for novel cytokines and cloning the DNAs which encode them. In the 
past, novel cytokines were identified by assaying a particular cell such as a bone 
marrow cell, for a measurable response, such as proliferation. The search for novel 

25 cytokines has thus been limited by the assays available, and if a novel cytokine has 
an activity which is unmeasurable by a known assay, the cytokine remains 
undetectable. In a newer approach, cDNAs encoding cytokines have been detected 
using the polymerase chain reaction (PCR) and oligonucleotide primers having 
homology to shared motifs of known cytokines or their receptors. The PCR 

30 approach is also limited by the necessity for knowledge of previously cloned 
cytokines in the same protein family. Cytokines have also been cloned using 
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subtractive hybridization to construct and screen cDNA libraries, or they can 
potentially be cloned using PCR followed by gel electrophoresis to detect 
differentially expressed genes. The subtractive hybridization methods are based on 
the assumption that cytokine mRNAs are those that are differentially expressed, and 
5 these methods do not require any prior knowledge of the sequence of interest. 
However, many cytokines may be encoded by mRNAs which are not differentially 
expressed, and thus are undetectable using these methods. 



SUMMARY OF THF INVENTION 



10 



In one embodiment, the present invention is directed to a method for 
isolating a cDNA encoding a novel secreted mammalian protein which comprises: 

a) constructing a cDNA library from mammalian cellular RNA; 

b) ligating said cDNA library to a DNA encoding a nonsecreted yeast 
15 invertase; 

c) transforming the ligated DNA into F. coli; 

d) isolating plasmid DNA containing mammalian cDNA ligated to the 
DNA encoding the nonsecreted yeast invertase from the transformed 
F. coli of step c); 

20 e) transforming the DNA of step d) into a yeast cell which does not 

contain the invertase gene; 

f) selecting yeast cells capable of growth on sucrose or raffinose; 

g) purifying DNA from step f) which contains a novel mammalian 
leader sequence ligated to yeast invertase; 

25 h) screening a second cDNA library to detect full-length cDNAs which 

contain the novel mammalian leader sequence of step g); and 
i) isolating the full-length cDNA of step h). 

In other embodiments, the invention provides a method for screening for a 
cDNA encoding a novel secreted mammalian protein which comprises: 
30 a) constructing a cDNA library from mammalian cellular RNA; 
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b) ligating said cDNA library to a DNA encoding a nonsecreted 
yeast invertase; 

c) transforming the DNA of step b) into a yeast cell which does 
not contain an invertase gene; 

5 d) selecting transformed yeast cells from step c) which are 

capable of growth on sucrose or raffinose; 

e) purifying DNA from the yeast cells of step d); 

f) analyzing the DNA obtained from step e) to determine its 
sequence and to determine whether it contains a novel 

10 sequence; 

g) preparing a second cDNA library from mammlian cellular 
RNA and screening said second cDNA library to detect full- 
length cDNAs which contain the novel sequence of step f)\ 
and 

15 h) isolating the full-length cDNA of step g) wherein the isolated 

cDNA encodes a putative secreted mammalian protein. 
In other preferred embodiments, the method comprises the following additional 
steps: 

1) transforming the ligated DNA into bacateria; 
20 2) isolating DNA containing mammalian cDNA ligated to the 

DNA encoding the nonsecreted yeast invertase from the 
transformed bacteria of step 1); 
wherein the additional steps are performed after step b) and before step c), and 
wherein the DNA isolated in step 2) is used for the transformation in step c). 
25 Preferably, the bacteria is £. coli. 

In another embodiment, the invention is directed to a cDNA encoding a 
secreted protein isolated using the method of: 

a) constructing a cDNA library from mammalian cellular RNA; 

b) ligating said cDNA library to a DNA encoding a nonsecreted yeast 
30 invertase; 
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c) transforming the ligated DNA into E. coli; 

d) isolating plasmid DNA containing mammalian cDNA ligated to the 
DNA encoding the nonsecreted yeast invertase from the transformed 
ELxoli of step c); 

5 e) transforming the DNA of step d) into a yeast cell which does not 

contain the invertase gene; 

f) selecting yeast cells capable of growth on sucrose or raffinose; 

g) purifying DNA from step 0 which contains a novel mammalian 
leader sequence ligated to yeast invertase; 

10 h) screening a second cDNA library to detect full-length cDNAs which 

contain the novel mammalian leader sequence of step g); and 
i) isolating the full-length cDNA of step h). 

In other embodiments, the invention provides a method for screening for a 
cDNA encoding a novel secreted mammalian protein which comprises; 
15 a) constructing a cDNA library from mammalian cellular RNA; 

b) ligating said cDNA library to a DNA encoding a nonsecreted 
yeast invertase; 

c) transforming the DNA of step b) into a yeast cell which does 
not contain an invertase gene; 

20 d) selecting transformed yeast cells from step c) which are 

capable of growth on sucrose or raffinose; 

e) purifying DNA from the yeast cells of step d); 

f) analyzing the DNA obtained from step e) to determine its 
sequence and to determine whether it contains a novel 

25 sequence; 

g) preparing a second cDNA library from mammalian cellular 
RNA and screening said second cDNA library to detect full- 
length cDNAs which contain the novel sequence of step f); 
and 

30 h) isolating the full-length cDNA of step g) wherein the isolated 
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cDNA encodes a putative secreted mammalian protein. 
In other preferred embodiments, the method comprises the following additional 
steps: 

1) transforming the ligated DNA into bacteria; 

* 

5 2) isolating DNA containing mammalian cDNA ligated to the 

DNA encoding the nonsecreted yeast invertase from the 
transformed bacteria of step 1); 
wherein the additional steps are performed after step b) and before step c), and 
wherein the DNA isolated in step 2) is used for the transformation in step c). 
10 Preferably, the bacteria is E. coli. 

In yet another embodiment the invention comprises a secreted protein 
isolated by the steps of: 

a) constructing a cDNA library from mammalian cellular RNA; 

b) ligating said cDNA library to a DNA encoding a nonsecreted yeast 
15 invertase; 

c) transforming the ligated DNA into R. coli; 

d) isolating plasmid DNA containing mammalian cDNA ligated to the 
DNA encoding the nonsecreted yeast invertase from the transformed 
R c oli of step c); 

20 e) transforming the DNA of step d) into a yeast cell which does not 

contain the invertase gene; 
0 selecting yeast cells capable of growth on sucrose or raffinose; 
g) purifying DNA from step f) which contains a novel mammalian 
leader sequence ligated to yeast invertase; 
25 h) screening a second cDNA library to detect full-length cDNAs which 

contain the novel mammalian leader sequence of step g); 
i) isolating the full-length cDNA of step h); 

j) expressing the full-length cDNA of step i) in a host cell grown in a 
suitable culture medium; and 
30 k) isolating the protein expressed in step j) from the culture medium. 
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In other embodiments, the invention provides secreted mammalian protein 
isolated by a method comprising: 

a) constructing a cDNA library from mammalian cellular RNA; 

b) ligating said cDNA library to a DNA encoding a nonsecreted 
5 yeast invertase; 

c) transforming the DNA of step b) into a yeast cell which does 
not contain an invertase gene; 

d) selecting transformed yeast cells from step c) which are 
capable of growth on sucrose or raffinose; 

10 e) purifying DNA from the yeast cells of step d); 

0 analyzing the DNA obtained from step e) to determine its 
sequence and to determine whether it contains a novel 
sequence; 

g) preparing a second cDNA library from mammalian cellular 
15 RNA and screening said second cDNA library to detect full- 
length cDNAs which contain the novel sequence of step 0; 

h) isolating the full-length cDNA of step g) wherein the isolated 
cDNA encodes a putative secreted mammalian protein; 

i) expressing the full-length cDNA of step h) in a host cell 
20 grown in a suitable culture medium; and 

j) isolating the protein expressed in step i) from the culture 

medium. 

In other preferred embodiments, the method comprises the following additional 
steps: 

25 1) transforming the ligated DNA into bacteria; 

2) isolating DNA containing mammalian cDNA ligated to the 
DNA encoding the nonsecreted yeast invertase from the 
transformed bacteria of step 1); 
wherein the additional steps are performed after step b) and before step c), and 
30 wherein the DNA isolated in step 2) is used for the transformation in step c). 
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Preferably, the bacteria is E. coli. 

DETAILED DESCRIPTION OFUHE INVENTION 

5 In order to use sucrose or raffmose as a carbon and energy source, yeast 

such as Saccharomyces cerevisiae must secrete the enzyme invertase, which cleaves 
sucrose to yield fructose and glucose and which cleaves raffinose to yield sucrose 
and melibiose. A large number of known mammalian secretory leader sequences 
can mediate secretion of yeast invertase. In accordance with the present invention, 
10 therefore, mammalian cDNA libraries are screened first for novel secretory leader 
sequences which can mediate secretion of yeast invertase; and second, for the full- 
length cDNAs containing those novel secretory leader sequences. In this way novel 
secreted proteins are selected using a method which requires neither a bioassay nor 
knowledge of homology with other proteins. 
15 Invertase genes appropriate for use in the method of the invention must 

encode only a nonsecreted enzyme. fRfiefertabhy ^theg^ 

\ seeretory-leader-sequenW^rs^remo^fed. More preferably . tthejrB NrAmeneodii ^g^he 

I «invertase~seciretorvHe 

I amoved. Most preferably, the DNA encoding the invertase secretory leader 
20 sequence, the initiating methionine and the first two codons (for methionine and 
1 serine) of the mature invertase protein are removed. Numerous methods for 
^ selective removal of DNA segments are known. 

A nonsecreted invertase gene from any yeast species or strain may be used 
in the method of the invention. Preferably, the invertase gene from Saccharomyces 
25 cerevisiae strain S288C (ATCC accession number 26108) is modified as described 
above for use in the method of the invention. The DNA sequence of one unsecreted 
invertase gene (SUC2) is set forth in SEQ ID NO: 1. The original cloning of the 
SUC2 gene is set forth in M. Carlson et al., Cell 28, 145-154 (1982) and M. 
Carlson et al., Mol. Cell. Biol. 3, 439-447 (1983), incorporated herein by 
30 reference. The DNA sequence of the SUC2 invertase gene is available from 
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GenBank, having the sequence name YSCSUC2.GBPL and accession numbers 
V0131 1 and KOO540. The SUC2 gene may also be isolated from yeast DNA using 
the GenBank sequence as the basis for constructing oligonucleotides for use in the 
polymerase chain reaction. 
5 In accordance with the method of the invention, the nonsecreted yeast 

invertase gene is inserted into a suitable yeast expression vector. Numerous yeast 
expression vectors are known, for example, the YEp24 expression plasmid having 
ATCC accession number 37051 and GenBank sequence name YEP24.VEC; and the 
YRpl7 expression plasmid having ATCC accession number 37078 and GenBank 

10 sequence name YRP17.VEC. An appropriate yeast expression vector for use in the 
present invention will contain a suitable yeast promoter and transcription terminetor, 
for example the ADH1 promoter and transcription terminator as described in G. 
Ammerer, Methods in Enzymology 101, 192-201 (1983), incorporated herein by 
reference. Preferably, the promoter and transcription terminator are derived from 

15 the plasmid AAH5 described in Ammerer. The yeast expression vector will also 
contain a yeast origin of replication, preferably one which allows extrachromosomal 
replication; a selectable marker gene for selection of yeast transformants; an 
F.rehmchia m\\ origin of replication; and one or more R coli drug resistance genes 
for selection of EL-Coli transformants. Any yeast origin of replication may be used, 

20 so long as it is capable of initiating DNA replication in yeast. Several yeast origins 
of replication are known, for example, the 2/x origin, the autonomous replicating 
sequences (ARS) plus centromeres (CEN elements), and the like. Preferably, the 2^t 
yeast origin of replication is used. Similarly, any yeast selectable marker gene may 
be used, so long as it allows growth only of the desired yeast transformants. Many 

25 such yeast selectable marker genes are known; for example URA3, TRP1, and 
LEU2. Preferably, the TRP1 yeast selectable marker gene is used in the method of 
the invention. Any E^coli origin of replication may be used, so long as it is 
capable of initiating DNA replication in E^coli. Many R coli origins of replication 
are known, for example pMBl , colEl , and F. Preferably, the pUC E^coli origin 

30 of replication is used. Any E. xoli drug resistance gene may be used, so long as it 

8 
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is capable of allowing growth only of the desired F.coli transformants. Many such 
F. coli drug resistance genes are known, for example the ampicillin resistance gene, 
the chloramphenicol resistance gene, and the tetracycline resistance gene. 
Preferably, the ampicillin resistance gene is used in the method of the invention. 
5 In accordance with the method of the invention . «tb.e»yiiea>sJkerX i Rnessian^ ector 

c£ntaifl^g ^^ 

lit)racy ^usins»kno.wn«methods. Numerous methods for generating mammalian cDNA 
libraries are known. For example, poly A + mRNA may be isolated from 
mammalian cells, purified and the corresponding cDNAs may be synthesized using 

10 reverse transcriptase, which is commercially available. Any kind of mammalian cell 
may be used as a source of mRNA. For example, peripheral blood cells may be 
used, or primary cells may be obtained from an organ, a developing embryo, a 
mature animal, a tissue, and the like, and such cells may be the source of mRNA 
for generation of a cDNA library. Cell lines such as the well known Chinese 

15 Hamster Ovary (CHO), COS monkey cell line, the Balb/c 3T3 murine cell line, 
lymphoid cell lines such as SP 2/0, hybridoma cell lines, and the like, may also be 
used as a source of mRNA for production of cDNA to construct a library in 
accordance with the method of the invention. 

In the next step of the method of the invention, th erfig a tedamawiin a 1 ! i an 

20 cBNA^veasUinveitase«gene4s<'ran r e,c T Qijnbi^ by 

selecting^fofrdrug^resistanGeiGoiresp^ 

yeast-expression*plasmid. Plasmid DNA is then isolated from about one million or 
more drug resistant F. coli recombinants and transformed into yeast strain which 
does not contain an invertase gene. Many such yeast strains are known, for 

25 example the YT455 strain (C. Kaiser et aL, Mol. Cell. Biol. 6, 2382-2391 (1986), 
and yeast strain DA2100, having ATCC accession number 62625. Alternatively, 
a yeast strain which contains an invertase gene may be manipulated to delete that 
gene, for example, using methods set forth in Current Protocols in M olecular 
Biology, Eds. F.M. Ausubel, et al., Jolin Wiley & Sons (1990) in Saccharoinyces 

30 ce rpvUiap. chapters 13.2 and 13.3; or in F. Sherman et al., Methods An. .Yeast 
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Genetics, Cold Spring Harbor Laboratory (Cold Spring Harbor, N.Y. 1979), both 
of which are incorporated herein by reference. 

In accordance with the method of the invention, yeast recombinants are then 
selected using a selection pressure corresponding to the yeast selectable marker 
5 gene. The yeast recombinants are then collected in pools of about 100,000 to one 
million transformants and plated on yeast nutrient agar containing only sucrose or 
only raffinose as the carbon source. This selection will allow growth only of 
recombinants containing the yeast invertase gene ligated to a mammalian secretory 
leader sequence. Because invertase deficient yeast may grow on sucrose or 
10 raffinose, albeit at a low rate, the invertase selection may be repeated one or more 
times to maximize the selective pressure applied to the desired recombinants. When 
the desired number of yeast recombinants are obtained, they are pooled and DNA 
is isolated and transformed back into E, coli for analysis, e.g. by DNA sequencing. 
Alternatively, DNA may be isolated from individual yeast colonies and analyzed. 
15 Novel mammalian secretory leader sequences obtained as described above 

are purified and used to screen a second cDNA library in the next step of the 
method of the invention. The second cDNA library is constructed in such a way as 
to contain full-length cDNAs, using known methods such as those described in 
CuiienL£rQtQColsJn-^^ chapters 5.5 and 5.6 and in Molecu lar 

20 noting, A laboratory Ma nual, Second Edition, J. Sambrook, et al., Cold Spring 
Harbor Laboratory Press (New York, 1989), chapter 8. The full-length cDNAs in 
the second cDNA library are then ligated to a mammalian expression vector such 
as the pED vector (Kaufman et al., Nucleic Acids Res. 19, 4484-4490 (1991); 
pEEF-BOS (Mizushima et al., Nucleic Acids Res. 18, 5322 (1990); pXM, pJL3 and 
25 pJL4 (Gough et al., EMBO J. 4, 645-653 (1985); and pMT2 (derived from pMT2- 
VWF, ATCC accession number 67122, see PCT/US 87/00033). The second cDNA 
library which has been ligated to the mammalian expression vector is transformed 
into E^coli. The library may be screened by hybridization using known screening 
methods. Alternatively, plasmid DNA is isolated from the transformants for 
30 screening by hybridization or using PGR. When screened using PCR, the following 
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general screening protocol may be followed: the cDNA clone containing the novel 
leader sequence is sequenced, and appropriate oligonucleotide primers are designed. 
From about one million EL_coli transformants, pools of about 100,000 transformants 
are obtained by spreading pools of 10,000 transformants onto 150 mm plates and 

5 replicating the pool onto filters. Plasmid DNA is isolated from each pool and PCR 
is performed using the oligonucleotide primers based on the novel leader sequence. 
Specific DNA sequences are detected, for example, by gel electrophoresis of the 
DNA with or without hybridization. Each of the pools is similarly analyzed, and 
positive pools are subdivided and purified by hybridizing radioactive 

10 oligonucleotides directly to the filters as described in Chapter 6 of Current Protocols 
in Mnlec!iilar Riol ogy and in Chapter 1 of Moleculan Cloning; A laboratory 
Manual. 

Using the method set forth above, ttOMelsfuiyeng^h^^ 
ctonfe's'm'a'y'be'rs^ 

1 5 cells-grown-in-a-euiture-med iurn*suitable«fo^ of 
protein. The novel full-length cDNA clones may also be expressed in stable 
expression systems such as Chinese hamster ovary cells grown in a culture medium 
suitable for growth of cells and production of protein. In this way t he^noMe l 




20 cDNAsraiietPKod uGedm 

^ofinviiro f assav /ST; In addition to detecting novel secreted proteins the method of the 
invention also detects and allows isolation of integral membrane proteins for 
example, receptors, and of proteins which transverse the endoplasmic reticulum to 
localize in intracellular organelles. Tfo^ nfoveWs^ in 

25 accordance with the invention may be purified using known methods. For example, 
the novel secreted protein is concentrated using a commercially available protein 
concentration filter, such as an Amicon or Millipore Pellicon ultrafiltration unit. 
Following the concentration step, the concentrate can be applied to a purification 
matrix such as a gel filtration medium. Alternatively, an anion exchange resin can 

30 be employed, for example, a matrix or substrate having pendant diethylaminoethyl 
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(DEAE) groups. The matrices can be acrylamide, agarose, dextran, cellulose or 
other types commonly employed in protein purification. Alternatively, a cation 
exchange step can be employed. Suitable cation exchangers include various 
insoluble matrices comprising sulfopropyl or carboxymethy) groups. Sulfopropyl 

5 groups are preferred (e.g., S-Sepharose® columns). The purification of the novel 
secreted protein from culture supernatant may also include one or more column 
steps over such affinity resins as lectin-agarose, heparin-toyopearl® or Cibacrom 
blue 3GA Sepharose®; or by hydrophobic interaction chromatography using such 
resins as phenyl ether, butyl ether, or propyl ether; or by immunoaffinity 

10 chromatography. Finally, one or more reverse-phase high performance liquid 
chromatography (RP-HPLC) steps employing hydrophobic RP-HPLC media, e.g., 
silica gel having pendant methyl or other aliphatic groups, can be employed to 
further purify the novel secreted protein. Some or all of the foregoing purification 
steps, in various combinations, can also be employed to provide a substantially 

15 homogeneous isolated recombinant protein. The novel secreted protein thus purified 
is substantially free of other mammalian proteins. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Jacobs, Kenneth 

<ii) TITLE OF INVENTION: A NOVEL METHOD FOR ISOLATING CYTOKINES 

AND OTHER SECRETED PROTEINS 

. (iii) NUMBER OF SEQUENCES: 1 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Legal Affairs, Genetics Institute, Inc. 

(B) STREET: 87 Cambr idgePark Drive 

(C) CITY: Cambridge 

(D) STATE: MA 

(E) COUNTRY: USA 

(F) ZIP: 02140 

( v ) COMPUTER READABLE FORM : 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 
(A> APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: McDaniels, Patricia A. 

(B) REGISTRATION NUMBER: 33,194 

(C) REFERENCE/DOCKET NUMBER: GI 5200 

<ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 617-876-1170 

(B) TELEFAX: 617-876-5851 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1542 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Saccharomyces cerevisiae 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: SUC2 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
TCAATGACAA ACGAAACTAG CGATAGACCT TTGGTCCACT TCACACCCAA CAAGGGCTGG 60 
ATGAATGACC CAAATGGGTT GTGGTACGAT GAAAAAGATG CCAAATGGCA TCTGTACTTT 120 
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CAATACAACC 


CAAATGACAC 




nOuv'Uni xox 


TTTGGGGCCA 


TGCTACTTCC 


180 


GATGATTTGA 


f~\TT\ TV Ti fT^^P Jk 

CTAAT1 GGG A 


ta p ta tp n ta ppp 
AO A 1 w-AMUCU 


r\ X luv^i m v«»vj 


CTCCCAAGCG 


TAACGATTCA 


240 


GGTG CTTTCT 


CTGGC 1 Ct-A 1 


pprn/^/^rrwpP ZVT 1 


T2vr*ZV TAP A APA 


CGAGTGGGTT 


TTTCAATGAT 


300 


ACTATTGATC 


T\ »i /••» TV PTV TV TV P 

C AAG AC AAAG 


TV iT"P PP r P r P/^ PP 


Mi X X uun^ x X 


ATAACACTCC 


TGAAAGTGAA 


360 


GAGCAATACA 


TTAGCTATTC 


W'l»M/^ TA TP P T? 

TCI x G A X GG x 


p p *T"V tapxi PT""P 


TTACTGAATA 


CCAAAAGAAC 


420 


CCTGTTTTAG 


CTGCCAACTC 


CACTCAAJ. TC 


TAP TAP TA r PPPTA TA 
AGAGAiGl-rtrt 


nuvi X u X X x w 


GTATGAACCT 


480 


TCTCAAAAAT 


GGATTATGAC 


GGCTGCCAAA 
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CLAIMS 

I claim: 

1. A method for isolating a cDNA encoding a novel secreted mammalian 
protein which comprises: 

a) constructing a cDNA library from mammalian cellular RNA; 

b) ligating said cDNA library to a DNA encoding a nonsecreted 
yeast invertase; 

c) transforming the ligated DNA into E. coli; 

d) isolating plasmid DNA containing mammalian cDNA ligated to 
the DNA encoding the nonsecreted yeast invertase from the 
transformed H. coli of step c); 

e) transforming the DNA of step d) into a yeast cell which does not 
contain an invertase gene; 

f) selecting yeast cells capable of growth on sucrose or raffinose; 

g) purifying DNA from step 0 which contains a novel mammalian 
leader sequence ligated to yeast invertase; 

h) screening a second cDNA library to detect full-length cDNAs 
which contain the novel mammalian leader sequence of step g); 
and 

i) isolating the full-length cDNA of step h). 

2. A cDNA encoding a secreted protein isolated using the method of: 

a) constructing a cDNA library from mammalian cellular RNA; 

b) ligating said cDNA library to a DNA encoding a nonsecreted 
yeast invertase; 

c) transforming the ligated DNA into E. coli; 

d) isolating plasmid DNA containing mammalian cDNA ligated to 
the DNA encoding the nonsecreted yeast invertase from the 
transformed E col i of step c); 

e) transforming the DNA of step d) into a yeast cell which does not 
contain an invertase gene; 
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f) selecting yeast cells capable of growth on sucrose or raffinose; 

g) purifying DNA from step f) which contains a novel mammalian 
leader sequence ligated to yeast invertase; 

h) screening a second cDNA library to detect full-length cDNAs 
which contain the novel mammalian leader sequence of step g); 
and 

i) isolating the full-length cDNA of step h). 
3. A secreted protein isolated by the steps of: 

a) constructing a cDNA library from mammalian cellular RNA; 

b) ligating said cDNA library to a DNA encoding a nonsecreted 
yeast invertase; 

c) transforming the ligated DNA into E^ coli; 

d) isolating plasmid DNA containing mammalian cDNA ligated to 
the DNA encoding the nonsecreted yeast invertase gene from the 
transformed F. coli of step c); 

e) transforming the DNA of step d) into a yeast cell which does not 
contain the invertase gene; 

0 selecting yeast cells capable of growth on sucrose or raffinose; 

g) purifying DNA from step f) which contains a novel mammalian 
leader sequence ligated to yeast invertase; 

h) screening a second cDNA library to detect full-length cDNAs 
which contain the novel mammalian leader sequence of step g); 

i) isolating the full-length cDNA of step h); 

j) expressing the full-length cDNA of step i) in a host cell grown 

in a suitable culture medium; and 
k) isolating the protein expressed in step j) from the culture 

medium. 

4. A method for screening for a cDNA encoding a novel secreted 
mammalian protein which comprises: 



16 



WO 97/40146 



PCT/US96/05727 



a) constructing a cDNA library from mammalian cellular RNA; 

b) ligating said cDNA library to a DNA encoding a nonsecreted 
yeast invertase; 

c) transforming the DNA of step b) into a yeast cell which does not 
contain an invertase gene; 

d) selecting transformed yeast cells from step c) which are capable 
of growth on sucrose or raffinose; 

e) purifying DNA from the yeast cells of step d); 

f) analyzing the DNA obtained from step e) to determine its 
sequence and to determine whether it contains a novel sequence; 

g) preparing a second cDNA library from mammlian cellular RNA 
and screening said second cDNA library to detect full-length 
cDNAs which contain the novel sequence of step 0; and 

h) isolating the full-length cDNA of step g) wherein the isolated 
cDNA encodes a putative secreted mammalian protein. 



5. The method of claim 4, comprising the following additional steps: 

1) transforming the ligated DNA into bacateria; 

2) isolating DNA containing mammalian cDNA ligated to the DNA 
encoding the nonsecreted yeast invertase from the transformed 
bacteria of step 1); 

wherein said additional steps are performed after step b) and before step c), and 
wherein the DNA isolated in step 2) is used for the transformation in step c). 

6. The method of claim 5 wherein said bacteria is E. coli. 

7. A cDNA encoding a novel secreted protein, wherein said cDNA is 
isolated by a method comprising: 

a) constructing a cDNA library from mammalian cellular RNA; 

b) ligating said cDNA library to a DNA encoding a nonsecreted 
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yeast invertase; 

c) transforming the DNA of step b) into a yeast cell which does not 
contain an invertase gene; 

d) selecting transformed yeast cells from step c) which are capable 
of growth on sucrose or rafflnose; 

e) purifying DNA from the yeast cells of step d); 

f) analyzing the DNA obtained from step e) to determine its 
sequence and to determine whether it contains a novel sequence; 

g) preparing a second cDNA library from mammalian cellular 
RNA and screening said second cDNA library to detect full- 
length cDNAs which contain the novel sequence of step f); and 

h) isolating the full-length cDNA of step g) wherein the isolated 
cDNA encodes a putative secreted mammalian protein. 

8. The cDNA of claim 7, wherein the method comprises the following 
additional steps: 

1) transforming the ligated DNA into bacteria; 

2) isolating DNA containing mammalian cDNA ligated to the DNA 
encoding the nonsecreted yeast invertase from the transformed 
bacteria of step 1); 

wherein said additional steps are performed after step b) and before step c), and 
wherein the DNA isolated in step 2) is used for the transformation in step c). 

9. The cDNA of claim 8 wherein in said method said bacteria is £. colL 

10. A secreted mammalian protein isolated by a method comprising: 

a) constructing a cDNA library from mammalian cellular RNA; 

b) ligating said cDNA library to a DNA encoding a nonsecreted 
yeast invertase; 

c) transforming the DNA of step b) into a yeast cell which does not 
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contain an invertase gene; 

d) selecting transformed yeast cells from step c) which are capable 
of growth on sucrose or raffmose; 

e) purifying DNA from the yeast cells of step d); 

0 analyzing the DNA obtained from step e) to determine its 
sequence and to determine whether it contains a novel sequence; 

g) preparing a second cDNA library from mammalian cellular 
RNA and screening said second cDNA library to detect full- 
length cDNAs which contain the novel sequence of step f)*> 

h) isolating the full-length cDNA of step g) wherein the isolated 
cDNA encodes a putative secreted mammalian protein; 

i) expressing the full-length cDNA of step h) in a host cell grown 
in a suitable culture medium; and 

j) isolating the protein expressed in step i) from the culture 

medium. 

11. The protein of claim 10, wherein the method comprises the following 
additional steps: 

1) transforming the ligated DNA into bacteria; 

2) isolating DNA containing mammalian cDNA ligated to the DNA 
encoding the nonsecreted yeast invertase from the transformed 
bacteria of step 1); 

wherein said additional steps are performed after step b) and before step c), and 
wherein the DNA isolated in step 2) is used for the transformation in step c). 

12. The protein of claim 1 1 wherein in said method said bacteria is E. co/i. 
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